We present a unified approach to calculate scattering and absorption cross sections of microbubbles driven by diagnost,ic ultrasound pulses. The nonlinear cross sections can be much higher than the linear ones; the majority of the incident energy is converted into scattered sound for nonlinear response. The emitted sound has a broad band spectrum, whose high frequency part is absorbed by the liquid and leads to considerable heating near the bubble.
BUBBLE

SCATTERING OF DIAGNOSTIC ULTRASOUND
Suspensions of pm size bubbles have been used as contrast agents for ultrasound diagnostics for a number of years [l] . The bubbles show extraordinarily high cross sections for t.he incident ultrasound with frequencies in t,he ~IHz range and are therefore able to enhance image brightness and contrast.
While a lot of formulas for t,he calculation of these cross sect,ions exist in literature [l-4] , we show [5] that they are all special cases of a unified treatment, of the bubble as a nonlinear oscillator. The overwhelming part of the sound emission is actiae, i.e., results from the volume oscillation of the bubble. 
NONLINEAR RESPONSE
To calculate cross sections within our approach, we only need to know the bubble radius dynamics R(t)
given by the Rayleigh-Plesset (RP) equat,ion [3] and the pressure of the incident sound pulse P(t). We model spherical oscillations of a single bubble in human blood driven by a pulse of given pressure amplit,ude and duration (it length being -3 wavelengths),
with a center frequency of 3 MHZ. Figure 1 a shows the total scattering cross section as a function of driving pressure amplitude P, and equilibrium radius I?,,. The tremendous growth of uJc as the oscillat,ion becomes more and more nonlinear is obvious: while ubC/(~Ri) 5 15
in the linear case, this ratio can reach values of lo5 for P, M 10atm. The resonance peak is blurred, while the resonance radius is shifted to smaller values. This shift is a result of the nonlinearity of the RP oscillator, and overrides an additional shift towards larger Ro induced by the polychromaticity of the driving pulse
DAMPING AND HEATING
The viscous absorption cross section is also readily calculated from t,he viscous damping term in the RP dynamics.
We see in Figure 1 b that it does not grow as strongly as u,,. While u& >> cfc in the linear limit for most radii, this relation is reversed for strongly nonlinear response. As for large driving a considerable part of the scattered sound is emitted at extremely high frequencies (GHz), it is damped by t,he surrounding liquid and diminishes the effective scattering cross section. A secondary effect of this is heating of t,he liquid, which can be pronounced very near the bubble wall (AT -IOOK at 5 lpm distance), but lasts only for about 1~s.
CONCLUSIONS
It is important
to note that use, and thus the scattered energy, is severely underestimat,ed if the modeling of the bubble oscillation is restrict#ed to the linear case. On the other hand, for too large driving pressures, t#he useful scatt,ered energy is limited by the broad band character of the emitted spectrum and the resulting absorption in t,he liquid. The latter leads to considerable heat deposition in the medium (blood or t.issue). It may therefore be not advisable to use exceedingly large driving pressures in clinical applications.
